Using 10 well-trained (VO2peak = 60.6 ml kg1 min1) college age cyclists and continuous wave Doppler echocardiography, peak acceleration (PkA) and velocity (PkV) of blood flow in the ascending aorta, and the stroke velocity integral (SVI) were assessed to determine if rider position influenced the central haemodynamic responses to graded maximal cycle ergometry. Cyclist position was determined by hand placement on the uprights (UPRI) or drops (DROP) of conventional handlebars or using aerodynamic handlebars (AHB). All subjects consistently achieved a peak workload of 300W Recently, an aerodynamic handlebar (AHB) has been developed that permits the cyclist to assume a more tucked position than previously possible with traditional handlebars. As a result, the rider's aerodynamic profile is reduced and, consequently, his drag. In this position, with the rider's torso nearly parallel to the ground, wind resistance is decreased 20% at racing velocities3. As demonstrated best by Greg LeMond's last-stage victory in the 1989 Tour de France, marked improvements in performance are possible when using these handlebars. However, it is unclear if these performance improvements are due solely to enhanced aerodynamics or if a physiological mechanism is involved.
ege age cyclists and continuous wave Doppler echocardiography, peak acceleration (PkA) and velocity (PkV) of blood flow in the ascending aorta, and the stroke velocity integral (SVI) were assessed to determine if rider position influenced the central haemodynamic responses to graded maximal cycle ergometry. Cyclist position was determined by hand placement on the uprights (UPRI) or drops (DROP) of conventional handlebars or using aerodynamic handlebars (AHB). All subjects consistently achieved a peak workload of 300W. The Doppler variables did not differ significantly between rider positions at each stage of the maximal exercise tests but did change in response to increasing workloads. PkA was significantly (P < 0.05) greater at workloads 3 240W versus -120W. PkV increased significantly (P < 0.05) up to 180 W and then reached a plateau. SVI increased to a workload of 120 W and then progressively declined, becoming significantly (P < 0.05) less at 300W. For each stage, neither submaximal Vo2, V1 nor heart rate (HR) differed significantly between each trial. These results suggest that rider position does not affect the physiological response to maximal bicycle ergometry as responses to each position are similar.
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Research investigating alterations in physiological parameters due to alterations in rider position has yielded inconsistent results. Some studies report significant cardiorespiratory differences with differing rider positions5, while others do not6. These studies used conventional handlebars. Similar research using AHB has been limited but suggests that no cardiorespiratory differences exist between AHB and conventional handlebars7 8 Using a CM5 lead configuration, heart rate (HR) was monitored continuously via an oscilloscope.
Blood pressure (BP) was measured using the auscultatory method. The peak acceleration (PkA) and peak velocity (PkV) of blood ejected from the left ventricle into the ascending aorta were measured using a stand-alone continuous wave Doppler echocardiograph operating at 3MHz (EXERDOP, Quinton Instruments, Seattle, Washington, USA). Sampled every 5ms, signals are band-pass filtered between 480 Hz and 11.5 kHz; blood flow is then measured as modal velocity with PkA calculated internally as the greatest increase between consecutive measures. With this device, PkV can be measured in the range of 0.2 to 2.5msec-1 while PkA is determined in the range of 2 to 99 m s-2. This device has been described in detail elsewherel10 11. The Doppler measure of stroke velocity integral (SVI) was also determined.
An index of cardiac output (RelQ) was calculated as the product of HR and SVI. This measure has been shown to be representative of relative changes in Q within, but not between, subjects2' 13.
During the maximal exercise bouts, HR, gas fractions (FeO2, FeCO2) and VI were recorded at the end of each minute. At 1 min 30s into each 3-min stage, the technician positioned the nonimaging Doppler transducer at the suprasternal notch with the ultrasonic beam interrogating the ascending aorta. Blood flow velocity data were then collected from 1 min 45 s to 2 min 05 s. Blood pressure and an overall rating of perceived exertion were measured in the last minute of each stage.
Each of the three bouts of exercise differed only in the posture assumed by the rider. In one bout, the subject placed his hands on the upper portion, or uprights, of conventional handlebars (UPRI). In another session, the subject placed his hands on the lower portion, or drops, of the handlebars (DROP). In both these positions, the subject was required to maintain elbow extension throughout the test. In the third bout, the subject assumed a more tucked or crouched position using the AHB (Scott USA, Sun Valley, Idaho, USA) (AERO). With the AHB, the subject placed his elbows on the cushioned uprights of the handlebars with his forearms directed in front of him. The order of these three bouts was randomized.
To standardize these rider positions, the handlebar uprights were consistently placed 2 inches below a plane level with the top of the saddle. Before the beginning of the first exercise bout, individual saddle heights were determined and kept constant throughout the study. Significant differences were found between supine resting and resting Doppler variables obtained when the subjects were positioned on the ergometer. PkV, PkA and SVI were significantly less in the UPRI position than in the supine position. When in the DROP position, only PkA was significantly less. None of the three Doppler variables differed significantly between supine and AERO rest positions. These resting data are presented in Figure 1 . Nonsignificant (P > 0.05) intertrial differences were noted for PkA, PkV, and SVI. However, these variables did change significantly with the increase in workload. At or above 240W, PkA was significantly higher than at workloads less than 180 W. PkV increased significantly up to a workload of 180W, then reached a plateau, and did not differ significantly for the remainder of the tests. SVI increased up to 120 W and then declined progressively. These mean results are depicted in Figures 2-4 
Discussion
The lack of any significant intertrial differences in the Doppler echocardiographic variable responses strongly suggests that rider position, using either conventional handlebars or AHB, does not affect the haemodynamic responses to bicycling. The cardiorespiratory variables studied here did not differ significantly between trials which supports this contention. Figure 2 It has long been recognized that stroke volume and cardiac output are lower at rest in the upright rather than the supine posture4. These differences are usually attributed to an enhanced preload in the supine position. Our Doppler echocardiographic results support this finding of differences in central cardiovascular function at rest. A comparison of the supine rest to the UPRI rest data indicates a significantly (P < 0.05) higher PkA, PkV and SVI response in the former. These three measures approached significance (P < 0.06) during supine rest compared to DROP rest.
Our resting findings are similar to others in that Daley and co-workers9 noted higher PkV Following increases at the lower exercise intensities, SVI began to decline once the workload reached 180 W. At 50-60% VO2peaki SV is considered to have reached a plateau20 and, therefore, chronotropic increases are responsible for further increases in Q.
For our subjects, exercise at 180W was 55% VO2peak.
Thus, the SVI decline seen at exercise workloads at or above 180W probably reflects a maximized stroke volume. This SVI decline with increasing exercise intensities, at higher intensities, has been demonstrated elsewhere21.
PkV showed a significant stage-by-stage increase up to a workload of 180W after which it essentially levelled off. Other researchers found that PkV continues to increase up to peak exercise intensities with maximal supine cycle ergometry13 and maximal exercise using a treadmill2. PkV is a sensitive indicator of overall left ventricular function under varied preload, HR and inotropic conditions'7. As SVI peaked at about the same time PkV did, our results support the notion that the Frank-Starling mechanism plays a lesser role than the chronotropic response in maintaining 0 at higher exercise intensities18.
When expressed as a percentage of rest, the PkV values derived here are between those cited for supine and upright exercise. Supine exercise to 125 W was associated with a 137% increase13 while Daley and co-workers9 found a PkV increase of 149% with supine cycle ergometry. In the latter study, the subjects achieved an increase to 181% that of rest with treadmill walking. This figure is similar to the 173% found by Mehta and colleagues21. In this study the increase was 156%.
The exercise Doppler data presented here are similar to those data found elsewhere for exercise in the upright position. Two groups21 23 have evaluated the Doppler responses to maximal treadmill walking. Both groups noted that PkV plateaued at about 70% estimated VO2peak. PkA also increased linearly with HR. while SVI increased initially and then reached a plateau23 or declined2' once HR exceeded about 130 beats min-'.
Daley and colleagues9 investigated the PkA, SVI and mean acceleration responses to supine bicycle ergometer exercise and treadmill walking. They noted significant increases in all three variables with exercise in either position. However, values obtained at peak exercise did not differ significantly between exercise modes. Their results are similar to ours and, due to the greater difference in postures assumed by the subjects, supports further the lack of difference in aortic blood flow velocity responses in differing cycling positions.
Research conducted on subjects in the semisupine posture may be more applicable to the present study.
Weiss and colleagues24 noted that subjects exercising to a maximum of 150W, while in a 20°-head-up tilt, experienced a significant increase in left ventricular end-diastolic dimension (LVEDD) only at peak exercise while left ventricular end-systolic dimension (LVESD) did not change. Elsewhere, subjects capable of exercising to 250W, also in a 20°-head-up tilt, experienced no change in LVEDD but a 15% decrease in LVESV25. This posture probably compares most closely to the AERO position used in the present study.
Exercise in a 60°-upright position may be more representative of exercise in the DROP position. During graded maximal exercise in this position, LVEDV did not decline significantly while LVESV decreased significantly compared with rest26. Kelbaek and colleagues27 found LVEDV to increase slightly at lower workloads and return to near-rest values as the subjects approached maximal exercise. In their study, LVESV decreased significantly with increasing work. Using subjects in a 70°-upright position, other researchers found a significant decline between resting and immediate post-exercise LVEDV but no change in LVESV28.
The present study and the cited literature present evidence strongly suggesting that body position has no real haemodynamic effect on bicycling performance. Neither cardiorespiratory nor continuous wave Doppler measures of aortic blood flow velocity are affected as a result of altering rider position. The literature cited suggests that neither LVEDV nor LVESV are strongly influenced by differences in body position under moderate-to-high intensity exercise conditions. Moreover, this absence of an effect is reflected in the response of the Doppler variables PkA, PkV or SVI measured under exercise conditions. Thus, the present study suggests that improved performances associated with the use of AHB must be due solely to an improved aerodynamic efficiency. Perhaps as important, the present study suggests that AHB do not hinder the physiological performance of the rider. Future research in this area should, consequently, be directed towards perfecting the AHB in order to optimize this component of bicycling. 
